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INTRODUCTION 
 
Metallic films with thickness on the order of hundreds or thousands of angstroms are 
extensively used in the electronics industry. Due to obvious dimensional limitations, such thin 
films may be very susceptible to performance degradation resulting from corrosion. In this study, 
pitting of Al alloy thin films has been investigated. An advantage to studying thin films is that it 
is possible to produce alloys by thin film deposition techniques that are not easily produced by 
conventional metallurgical methods. Recent reports have described the exceptional pitting and 
corrosion resistance of thin film aluminum alloys (1-3). These alloys were metastable solid 
solutions produced by sputter deposition containing up to 15 atomic % solute which is far in 
excess of the equilibrium solubility. In this study, we have taken a similar approach to look at a 
wide compositional range of several Al alloys. 
 
EXPERIMENTAL 
 
Al and Al binary alloy films approximately 2000Å thick were produced by DC 
magnetron co-sputter deposition on quartz wafers at room temperature. This is in contrast to the 
approach of Moshier et al. (1,2) who deposited with the substrate held at liquid nitrogen 
temperatures, a precaution which is apparently not necessary. Two 5 cm diameter magnetron 
sources, one with a pure Al target (99.99%) and one with the desired solute element (Mo, Ta, 
Nb, Ti, or Nb) were arranged so that several substrate wafers could be placed on an underlying 
platform along the symmetry line. In this manner, a range of compositions was deposited in one 
run on the substrates and, in fact, a slight composition gradient existed on each substrate. The 
composition of films on carbon substrates that had been placed between the quartz sample 
substrates were determined by Rutherford Backscattering Analysis. The composition of the film 
deposited on a given quartz substrate was estimated to be the average of the values of the carbon 
substrate samples to either side. The accuracy of this measurement is about ±5%. Due to this and 
the composition gradient that existed on each sample, there was some scatter of the pitting 
potential data. Multiple experiments were made for each composition and the scatter of the 
reported pitting potential values in some cases was quite good but at worst was about ±100 mV. 
 
After metal deposition, a layer of mixed oxide dielectric was reactively sputtered using 
physical masks to define exposed metal areas of 0.495 cm
2
. This technique, described in detail 
elsewhere (4), was very successful at minimizing crevice attack. 
 
The samples were tested in 0.1M NaCl adjusted to pH 10 with NaOH. The solution was 
deaerated for at least 2 h prior to and during testing by bubbling with purified N2. The samples 
were, immersed for 15 min at open circuit and pitting potentials were then measured by scanning 
potentiodynamically from open circuit against an SCE reference electrode at 0.2 mV/s until 
breakdown. The specimens were observed during testing with a microprobe camera at 100X and 
the images were recorded on videotape. It was therefore possible to observe the growth of the 
pits to be certain that the attack was away from the dielectric masking layer so that the 
breakdown potential was indicative of pitting and not crevice attack. 
 
RESULTS 
 
The pitting or pit nucleation potentials, Enp, of pure Al and a number of Al binary alloy 
films are shown in Figure 1. The pitting potential of unalloyed Al thin films was -690 mV SCE, 
identical to values reported in the literature for bulk Al in 0.1 M Cl
-
 (5). The addition of only 
about 5 atomic % of Mo, Nb, Ta, Ti, or Cr was sufficient to have a large effect on the pitting 
potential, increasing it to the range of -200 to 0 mV SCE. The Al alloy thin films produced and 
studied in this work contained up to about 40 atomic % solute. At high solute concentrations the 
Al alloy films had exceptionally high pitting potentials that exceed even that of AISI 304 
stainless steel. The highest pitting potential for a given concentration was exhibited by the Al-
Mo system. For the Al-Nb and Al-Ta alloys, the values of Enp were somewhat lower than those 
for Al-Mo but all three increased monotonically with concentration. Al-Ta alloys with about 41 
% Ta behave like pure Ta in that pitting was not observed up to +1600 mV SCE. 
Al-Ti and Al-Cr alloys both exhibited a plateau at low concentrations during which the 
pitting potential was relatively low and independent of solute concentration. When the 
concentration of these alloys exceeded some critical value, the pitting potential then increased 
with increasing concentration. The critical concentration for Al-Cr was about 35%, about twice 
that of Al-Ti. 
 
SUMMARY 
 
A number of Al binary alloy thin films were studied over a range of composition up to 40% solute using a 
co-sputtering technique with the substrates at room temperature. These Al alloy films were tested in 0.1 M NaCl and 
found to have extraordinary pitting resistance. 
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Figure 1. Pitting potentials of various Al alloy thin films in deaerated pH10 0.1M NaCl as a function of 
concentration. 
